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are degrees of freedom of spacer layers, such as charges, orbitals and lattices, we expect that their orderings or fluctuations will affect the superconductivity in Fe 2 As 2 layers through intimate interlayer coupling, leading to a new controllable parameter.
To address the above mentioned issue, we present a structural study of Ca 10 (Ir 4 As 8 )(Fe 2−x Ir x As 2 ) 5 with a T c of 16 K. This compound was first reported by Kudo et al. with the chemical formula Ca 10 (Ir 4 As 8 )(Fe 2 As 2 ) 5 based on the synchrotron X-ray diffraction analysis. 15 In this study, we reanalyzed the chemical composition and found a small amount of Ir substitution for Fe, which will be discussed later. Both Ca 10 (Ir 4 As 8 )(Fe 2−x Ir x As 2 ) 5 and a platinum derivative, Ca 10 (Pt 4 As 8 )(Fe 2−x Pt x As 2 ) 5 , reported by Ni et al., crystallize in tetragonal structures with the space group P 4/n.
15, 16
The most significant difference between them is related to their electron configurations:
Pt 2+ forms a closed-shell configuration with a completely filled d xy orbital owing to the 5d 8 electric state, whereas Ir 2+ has a formally half-filled 5d 7 electric state. The two materials exhibit different temperature dependences in electrical conductivity, which is likely due to the different electron configurations of spacer layers. The resistivity of Ca 10 (Pt 4 As 8 )(Fe 2−x Pt x As 2 ) 5 decreases linearly with temperature, 16 whereas that of Ca 10 (Ir 4 As 8 )(Fe 2−x Ir x As 2 ) 5 exhibits a kink near 100 K, as shown in Fig. 1(a) , suggesting that an unusual transition related to the electron configuration of the divalent iridium occurs. Kudo et al. suggested that the magnetic ordering is absent below 100 K based on the results of their Mössbauer experiment.
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In this letter, we present a synchrotron X-ray structural study of Ca 10 (Ir 4 As 8 )(Fe 2−x Ir x As 2 ) 5 . Our analysis clearly shows the appearance of superstructure peaks below 100 K, indicating a doubled period along the c-axis. In the low-temperature phase, half of the iridium ions shift along the c-axis, displacing the surrounding arsenic ions.
Single crystals of Ca 10 (Ir 4 As 8 )(Fe 2−x Ir x As 2 ) 5 were grown at Okayama University.
The synthesis details have already been reported. 15 The single-crystal X-ray diffraction experiments were performed at SPring-8 BL02B1 (Hyogo, Japan) using single crystals with typical dimensions of 40 × 40 × 70 µm 3 . The X-ray wavelength was 0.52Å. The obtained lattice parameters and refined conditions are summarized in Table I .
In our single-crystal X-ray diffraction experiments, superstructure peaks emerged near 100 K, which nearly corresponded to the kink in the electric resistivity measurement, and the peaks increased in number as the sample was cooled, as shown in Fig.   1(b) . The superstructure peaks indicate a doubled period along the c-axis direction be- (17) low the transition. As shown in Fig. 1(c) , the lattice parameters show no discontinuous jump at 100 K, suggesting that the transition is of the second order.
Through careful investigation of the Laue symmetry and the extinction rule of h+k =2n for hk0, we found that the structural symmetry at 20 K was tetragonal with the space group P 4/n, indicating that the space group was unchanged across the transition. Our precise definition of the composition showed a small amount of Ir substituted for Fe in the present samples, which was not reported in a previous study. 15 The high-temperature and low-temperature structural data are summarized in Tables II and III, 
0.50078 (4) As ( crystal field effect, which further splits the energy levels of Te (p x , p y ) and Te p z . Such a tellurium-originated structural transition is absent in the platinum analogue PtTe 2 , which also seems to be similar to the present systems. This scenario, however, seems not to be the case in the present systems because the displacements of Ir(2a) and Ir(2b)
at the transition are much larger than those of the surrounding arsenic ions, which is sharply different from the structural transition in IrTe 2 with large displacements of tellurium. The experimentally observed large displacements of iridium ions make us expect the modification of bonding characters between iridium and surrounding arsenic ions.
Experimentally observed strong tendency toward bonding formation between Ir(2a)
and As(6a) makes us expect that an unpaired electron occupies the Ir(2a) 5d 3z 2 −r 2 orbital, which spreads toward As(6a) directions and contributes to the bonding between Ir(2a) and As(6a). Note that the divalent nature of iridium ions has already been confirmed by X-ray photoelectron spectroscopy (XPS), 15 
represents the average energy of the Ir(2b) site can be regarded as a square planar coordination since the apical As(6b) is far from the basal plane. As expected, the unpaired electron occupies 5d 3z 2 −r 2 in the ground state. However, the energy splitting between 5d 3z 2 −r 2 and 5d xy is as small as ∼0.2 eV, which is comparable to or smaller than the hybridization energy between neighboring clusters. Therefore, in the Ir(2b) site, the unpaired electron can be a mixture of 5d 3z 2 −r 2 and 5d xy . On the other hand, in the Ir(2a) site, the apical As(6a) approaches to the basal plane and, consequently, the unpaired electron tends to be pure 5d 3z 2 −r 2 with a larger energy splitting. Therefore, the present cluster model calculation suggests that the structural distortion discovered in the present work is accompanied by the Ir 5d orbital change. If the apical As(6a) is much closer to the basal plane (θ < 42 • ), the unpaired electron is predicted to occupy 5d x 2 −y 2 in the ground state. Here, it should be noted that the impact of the Ir 5d spin-orbit interaction on the Ir 5d xy /5d yz orbitals is much stronger than those on the Ir 5d 3z 2 −r 2 , 5d x 2 −y 2 , and 5d xy orbitals.
Although the displacement of Ir(2a) toward the As(6a) direction causes the contraction of the As(5a) square, as shown in Figs. 2(c) and 2(d Finally, we discuss superconductivity at low temperatures. The present structural transition should affect superconductivity in Fe 2 As 2 layers through intimate interlayer couplings. Associated with the iridium displacements, Fe 2 As 2 layers become two crystallographically inequivalent Fe 2 As 2 layers below the transition, as shown in Fig. 2 (b):
one layer includes As(6a), which is strongly coupled with Ir 4 As 8 layers through Ir(2a)-As(6a) bondings, while the other layer contains As(6b), which is apart from the adjacent Ir 4 As 8 layers. Therefore, the displacement of arsenic ions associated with iridium displacements introduces notable differences in the As-Fe-As bond angles between the two 15, 16 we can naively speculate that the structural transition suppresses superconductivity in the present system. However, we would like to point out that the second order structural transition in the present system may bring us further opportunities to study the relationship between superconductivity and structural instability, by suppressing the structural transition using any methods such as chemical doping or the application of pressure. In summary, we studied the nature of the structural transition found in Ca 10 (Ir 4 As 8 )(Fe 2−x Ir x As 2 ) 5 , which undergoes a superconducting transition at 16 K, using synchrotron X-ray diffraction experiments. Our X-ray diffraction analysis results reveal the displacement of iridium and the associated arsenic displacement below the transition temperature. Combining these results with IrAs 5 cluster calculations, we conclude that all degrees of freedom of divalent iridium play an important role in structural transition.
